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Layout of partial parking space in Shanghai Haitong automotive ro-ro yard
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Fig. 2 Logical relationship among the variables
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Fig. 4 A demonstration of vehicles search and swap in ro-ro yard based on attraction degree level
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Tab.1 Numerical experiments design

F R ARE Y4 W) 1R HE ) I8
Yt B OREAE BARERE ARAT.ED BN B AL BUE ALY DALY 7

1 1 12 (4,5) 0.25 0.50 (2,2)(2,5)(3,1)(3,3)(3,5)
2 2 5/7 (4,5 0.25 0.50 (2,2)(2,5)(3,1)(3,3)(3,5)
3 3 4/2/6 (4,5) 0.25 0.50 (2,2)(2,5)(3,1)(3.3)(3.5)

! 4 4 3/2/4/3 (4.5) 0.25 0.50 (2,2)(2,5)(3,1)(3.3)(3.5)
5 5 2/4/1/3/2 (4,5) 0.25 0.50 (2,2)(2,5)(3,1)(3,3)(3,5)
6 6 1/2/3/2/1/3 (4.5) 0.25 0.50 (2,2)(2,5)(3,1)(3,3)(3,5)
1 3 2/2/3 (4,5) 0.25 0. 50 (2,2)(2,5)(3,1)(3,3)(3.5)
2 3 4/2/2 (4,5) 0.25 0. 50 (2,2)(2,5)(3,1)(3,3)(3.5)
3 3 4/2/3 (4,5) 0.25 0.50 (2,2)(2,5)(3,1)(3,3)(3,5)

’ 4 3 4/3/3 (4.5) 0.25 0.50 (2,2)(2,5)(3,1)(3.3)(3.5)
5 3 4/2/3 (4.5) 0.25 0. 50 (2,2)(2,5)(3,1)(3.3)(3.5)
6 3 4/3/5 (4,5) 0.25 0.50 (2,2)(2,5)(3,1)(3,3)(3,5)
1 3 4/3/5 (4,4) 0.25 0.50 (1,3)(1,4) (2,1)(2,2)
2 3 4/3/5 (4,5) 0.25 0.50 (2,2)(2,5)(3,1)(3,3)(3,5)
3 3 4/3/5 (4,6) 0.25 0.50 (2,2)(2,4)(3,1)(3,3)(4,1)(4,4)

’ 4 3 4/3/5 4,7) 0.25 0.50 (2,2)(2,4)(2,6)(2,7)(3,1)(3,3)(3,6)
5 3 4/3/5 (4,8) 0.25 0.50 (1,3)(1,5)(2,2)(2,4)(3,3)(3,5)(4,2)(4,5)
6 3 4/3/5 (4,9 0.25 0.50 (2,2)(2,4)(2.6)(3.3)(3.5)(3,7)(4,2)(4.4)(4.6)
1 3 4/3/5 (4,5) 0.10 0. 50 (2,1)(3,5)
2 3 4/3/5 (4,5) 0.15 0.50 (2,1)(3,3)(3,5)
3 3 4/3/5 (4,5 0. 20 0.50 (2,1)(2,4)(3,3)(3,5)

! 4 3 4/3/5 (4,5 0.25 0.50 (2,2)(2,5)(3,1)(3,3)(3,5)
5 3 4/3/5 (4.5) 0. 30 0.50 (2,1)(2,3)(2,4)(3,2)(3,3)(3,5)
6 3 4/3/5 (4,5) 0.35 0.50 (2,1)(2,3)(2,4)(2,5)(3,2)(3,3)(3,5)
1 3 4/3/5 (4,5) 0.25 0.30 (2,2)(2,3)(2,4)(3,2)(3,3)
2 3 4/3/5 (4,5) 0.25 0.40 (2,2)(2,3)(2,5)(3,2)(3,3)
3 3 4/3/5 (4,5) 0.25 0.45 (2,2)(2,3)(3,2)(3.,4)(4.3)

’ 4 3 4/3/5 (4,5) 0.25 0. 50 (2,2)(2,5)(3,1)(3,3)(3.5)
5 3 4/3/5 (4,5) 0.25 0. 60 (2,2)(2,5)(3,2)(3,4)(4,3)
6 3 4/3/5 (4.5) 0.25 0. 80 (1,2)(2,5)(3,2)(3.4)(4.3)
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Tab. 2 Results comparison between branch and bound method and attraction degree search algorithm

S 53 3L E S W% 5] R A R ALk
75 =17 S tepu/s ! teru/s R 2 (i 22)

1 1.3 0.803 1.3 0.001 0
2 2.1 4.823 2.6 0.002 0.24
3 3.3 1 332. 850 3.3 0. 005 0

! 4 4.0 11 930. 600 4.7 0.013 0.18
5 5.0 32 808. 200 5.0 0.016 0
6 6.0 21 213. 600 6.7 0. 006 0.12
1 3.0 45.601 3.0 0.008 0
2 3.0 309. 760 3.0 0.005 0
3 3.0 457. 631 3.3 0.007 0.10

’ 4 3.0 927.217 3.7 0.011 0.23
5 3.3 1 438. 730 3.8 0. 007 0.15
6 3.2 2 236.720 3.5 0.008 0.09
1 3.6 79. 206 4.2 0.003 0.17
2 3.2 2 261.050 3.3 0.014 0.03
3 3.0 23 359.900 3.7 0.016 0.23

’ 1 3.0 126 076. 000 3.2 0.022 0.07
5 3.2" 259 200. 000 3.7 0.019 1. 00
6 3.2" 259 200. 000 3.5 0.023 1. 00
1 3.0 11975. 600 3.2 0.027 0.07
2 3.0 5 255. 080 3.2 0.013 0.07
3 3.0 2 303. 440 3.5 0. 006 0.17

! 4 3.2 2 243.390 3.5 0.003 0.09
5 3.5 637.988 3.8 0.003 0.09
6 3.5 216.943 4.6 0.002 0.31
1 3.0 462. 275 3.5 0. 009 0.17
2 3.0 568. 944 3.7 0.003 0.23

. 3 3.2 943. 406 3.6 0. 006 0.13

0 4 3.2 2 242,650 3.5 0. 007 0.09
5 3.5 1 847. 300 3.9 0.006 0.11
6 3.5 2 042.910 3.9 0. 006 0.11
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Tab. 3 Examples of practical application design
L 52 5% AR IR 2 R 5 5 AR IR 2 R
B3 7 PR R e BAREHHE S P PR R e BAREHHE
1 1 60 1 1 80
2 2 27/33 2 2 33/37
3 3 13/20/27 3 3 20/27/33
! i 4 10/13/17/20 ’ 1 4 12/20/21/27
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Fig. 7 Statistics of computation result
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Optimization for parking space distribution in automotive ro-ro yard
based on attraction degree search

CHEN Xiao-jing', HU Zhi-hua®', LI Gong-jun’

( 1.Logistics Research Center, Shanghai Maritime University, Shanghai 201306, China;
2. Shanghai Haitong International Automotive Terminal Co. , Ltd. , Shanghai 200137, China )

Abstract: In order to speed up the turnover ratio when automobiles roll up and roll down ro-ro ships
in the process of ro-ro transportation and promote the utilization of parking space in ro-ro yard
efficiently, the problem of parking space distribution in ro-ro yard is explored. According to the
principle of centralized allocation of gathered groups, focusing on improving concentration degree of
batch automobiles, a mixed-integer programming model is constructed to measure concentration
degree of batch automobiles. Then attraction degree search algorithm is designed to solve the model.
Compared with branch and bound method,the attraction degree search algorithm can deal with large-
scale numerical examples efficiently and get satisfied solutions at the same time. Using the layout of
parking space and operation conditions in Shanghai Haitong automotive ro-ro yard as research
background, the proposed model and algorithm are proved to be reasonable and valid, which expand

the theoretical research of parking space distribution management in automotive ro-ro yard.

Key words: ro-ro yard; parking space distribution; concentration degree; mixed-integer programming;

attraction degree search algorithm



